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(54) Title of the Invention: Metal Pipe Joint for Pipe Expansion and the Manufacturing Method Thereof

(57) Summary

(Problem)

Provide a metal pipe joint for pipe expansion and its manufacturing method, wherein even in the case of
pipe expansion, (a) there is no decrease in the strength or the airtightness of the junction, (b) there is little
deformation resistance at the time of pipe expansion, and (c) it is possible to reduce the level differences
that occur in the junction.

(Means for Solving the Problem)

Obtain metal pipe joints 32 and 52 in which the internal diameters of the junctions are greater than the
internal diameters of the non-conjugative regions, by either (a) diffusion bonding or welding to one another
metal pipes 30 whose internal diameters in the vicinity of the ends have been expanded such that the end
diameter expansion rate is greater than 5%, or (b) diffusing bonding metal pipe S0, whose internal diameter
in the vicinity of the end has not been expanded, such that it reaches a prescribed lateral expansion rate.



Furthermore, obtain metal pipe joint 42 in which the internal diameter of the junction is greater than the
internal diameter of the non-conjugative regions by mechanically fastening to one another metal pipes 40
whose internal diameters toward the ends have been expanded such that the end diameter expansion rate is
greater than 10%.

[see source for drawings]

(©)

Machine work Machine work
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(Scope of Pa-tent Claims)

(Claim 1)
A metal pipe joint for pipe expansion comprised of a plurality of bonded metal pipes, wherein the internal
diameter of the junction is greater than the internal diameter of the non-conjugative regions.

(Claim 2)
A manufacturing method for a metal pipe joint for pipe expansion in which the internal diameter in the
vicinity of the end of the metal pipe is expanded and said metal pipes are bonded to one another.

«(Claim 3)

The manufacturing method for a metal pipe joint for pipe expansnon according to Claim 2 in which the
internal diameter in the vicinity of the end of said metal pipe is expanded such that the end diameter
expansion rate is greater than 5%.

(Claim 4)
The manufacturing method for a metal pipe joint for pipe expansion according to either Claim 2 or Claim 3
in which the bonding method is a diffusion bonding method.

(Claim 5)
The manufacturing method for a metal pipe joint for pipe expansion according to either Claim 2 or Claim 3
in which the bonding method is an arc welding method.

(Claim 6)

A manufacturing method for a metal pipe joint for pipe expansion in which the internal diameter in the
vicinity of the end of the metal pipe is expanded, thread is formed on the end of said metal pipe, and said
metal pipes are mechanically fastened to one another with said thread.

(Claim 7)

The manufacturing method for a metal pipe joint for pipe expansion according to Claim 6 in which the
internal diameter in the vicinity of the end of said metal pipe is expanded such that the end diameter
expansion rate is greater than 10%.

(Claim8)

A manufacturing method for a metal pipe joint for pipe expansion in which metal pipes whose internal
diameters in the vicinity of the ends have not been expanded are butted, and are diffusion bonded under
bonding conditions such that the junction vicinity laterally expands.

(Claim 9)
The metal pipe joint for pipe cxpansxon according to Claim 8 that is dxffusnon bonded such that the lateral
expansion rate of the junction vicinity is greater than 1.04.

(Detailed Description of the Invention)

(0001)

(Technical Field of the Invention)

The present invention is related to a metal pipe joint for pxpe expansnon and the manufactutmg method
thereof; more specifically, it is related to an ideal metal pipe joint for pipe expansion and its manufacturing
method used for the plumbing for plants or line piping that is used in the chemical industry or the
petrochemical industry, or as the oil well pipe of casing tubes, production tubes, or coiled tubes used in oil
wells.

(0002)



(Prior Art)

Conventionally, in fields such as the chemical industry and the petrochemical industry, long metal pipes are
used in order to transport corrosive liquids over long distances. For example, pipe lines are for the purpose
of transporting crude oil obtained from an oil field to an oil refinery, for example, and their lengths span
across tens of kilometers.

(0003)

Furthermore, when digging an oil well, in order to preserve the gallery that was excavated beneath the
ground or to prevent crude oil leakage, steel pipes called casing are buried within the gallery. The oil field
is normally in a location several thousand meters under ground, so it is necessary that the casing also have
the length of several thousand meters. ‘

(0004)

Moreover, seamless steel pipes that are superior with respect to corrosion resistance are generally used for
metal pipes that are exposed to a corrosive environment, but the length of industrially mass produced
seamless steel pipes is between 10 - 15 m, and the upper limit on the possible manufactured length is
approximately 100 m. Accordingly, joints that connect multiple seamless steel pipes of length between 10 -
15 m are used in line piping or oil well pipe such as casing.

(0005)

As a bonding method for metal pipe that is used in such applications, threaded connection methods ‘
(mechanical coupling method), welding methods (orbital welding method), and diffusion bonding methods
are well known. :

(0006) :
Furthermore, as for the joints (called “metal pipe joints” hereafter) in which multiple metal pipes that have
prescribed length are united, it is typical for them to be used as they are, without expanding or reducing the
internal diameter. In other words, it is typical for metal pipe joints that have a desired internal diameter to
be manufactured by bonding metal pipes that have a desired internal diameter.

(0007)

However, in contrast to line piping that is laid above ground, casing that is used in oil wells is buried
beneath the ground, so there are the following problems in using metal pipe joints that have prescribed
.internal diameters as casings without modification.

(0008) _

-Stated simply, it is difficult to excavate a bare gallery towards an oil field that is in a location several
thousand meters under ground. Therefore, 0il well excavation operations sequentially repeat the following
operations: (a) the operation of excavating a gallery using a drill pipe that has a bit that is mounted on its

" tip, (b) the operation of burying casing at a location in which digging has advanced to a certain extent in
order to protect the gallery, and (c) the operation of pouring cement between the buried casing and the
stratum, and stabilizing the casing. As a result, oil wells have a structure in which multiple casing is
overlapped in a nested form.

(0009)

The structure of a typical oil well is shown in Figure 6. Oil well 10 that is illustrated in Figure 6 is equipped
with conductor pipe 12 that has a maximum external diameter for the purpose of protecting the gallery wall
in the vicinity of the surface of the earth, surface casing 14 that is sequentially inserted in a nested form into -
conductor pipe 12, intermediate casing 16, and four production casings 18 of maximum length that reach
oil stratum 20.

(0010) .

However, when burying the next casing (called “inner side casing” hereafter) inside the gallery through the
hole in the center of the casing that was previously buried (called “outer side casing” hereafter), there are
cases in which the insertion of the inner side casing becomes difficult because the axis of the inner side
casing and the axis of the outer side casing shift out of alignment, or the shape of either the inner side



casing or the outer side casing is irregular. Therefore, it was necessary to make the external diameter of the
inner side casing approximately 10 - 30% smaller than the internal diameter of the outer side casing to be
on the safe side.

(0011)
Furthermore, the production efficiency of the oil well is dependant on the internal diameter of the
production casing that reaches the oil stratum.
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.Accordingly, in order to secure prescribed production efficiency, it is necessary not only to give the internal
diameter of the production casing a prescribed size, but also to enlarge the internal diameter of the casing
that was previously buried. Therefore, the necessity to enlarge the internal diameter of the gallery that is
excavated in the vicinity of the surface of the earth arose, and became a factor that increases the cost of oil
well drilling.

(0012)

Thereby, in order to solve this problem, a method was disclosed in Published Japanese Translation of a
PCT Application H7-507610 that expands the casing in the radial direction with respect to the borehole by
burying casing made from malleable materials in the borehole that was excavated under the earth, and
expanding a hydraulic expanding tool within the casing.

(0013)

Furthermore, a method was disclosed in International Publication Number W(Q98/0062 that inserts steel
pipe made from a malleable type of metal, which generates strain hardening, into either a gallery or casing
that was previously buried without incidence of necking or ductile fracture, and expands casing using a
mandrel that has a tapered surface made of a nonmetal material.

(0014) :

Through the methods disclosed in Published Japanese Translation of a PCT Application H7-507610 or
International Publication Number W098/0062, it is possible to insert inner side casing that has a relatively
small external diameter in comparison to the gallery or outer side casing internal diameter, so there is the
advantage that it is possible to smoothly perform the inner side casing insertion operation.

(0015)

Moreover, the expansion of inner side casing that was inserted into a gallery of outer side casing is
performed using a hydraulic expansion tool or a mandrel, so there is the advantage that nearly the entire
cross sectional area of the gallery can be used for crude oil transportation. Furthermore, because the
effective cross sectional area of the gallery becomes large, there is the advantage that it is possible to
reduce the internal diameter of the gallery to be excavated, and it is thus possible to cut excavation costs.

(0016)

" Furthermore, as disclosed in Published Japanese Translation of a PCT Application H7-507610, in the case
in which casing is expanded in the radial direction with respect to the borehole, the casing is maintained by
the compressive stress received from the borehole wall, so there is the advantage that the cementing
operation becomes unnecessary.

(0017)

(Problems Addressed by the Invenuon)

However, the entire length of casing that is used in oil wells reaches several thousand meters, so although
junctions must necessarily be present, junctions are not taken into consideration in either Published
Japanese Translation of a PCT Application H7-507610 or International Publication Number W098/0062.

(0018)
For example, in the case in which metal pipes are bonded through welding methods or metallurgical
- bonding methods such as diffusion bonding to form metal pipe joints, heat-affected zones generate at the
time of bondmg in the v1c1mty of the junctions, so there are cases in which the deformabllxty decreases.
Therefore, in the case in which the obtained metal pipe joints are expanded as they are using a mandrel, for
- example, there is the problem in which there is a danger that fissures will generate in the junctions.

(0019)
Moreover, in the case in which metal pipe is bonded through a threaded connection method to form a metal
pipe joint and this is expanded with a mandrel, for example, there is the problem that the thread portion



becomes loose due to plasnc-deformatlon at the time of expansion and the airtightness of the junction
decreases.

(0020)

Furthermore, the threaded connection method normally forms outer thread 1a and 2b on the ends of metal

pipes 1 and 2 as shown in Figure 7, and unites metal pipes 1 and 2 through coupling 7 that has internal

thread 7a that can screw into this external thread 1a and 2b. Accordingly, the vicinity of the junction

becomes more thick-walled than the non-conjugative regions, so in the case in which such a metal pipe

joint is expanded using a mandrel, for example, there is the problem in which the deformation resistance of
- the junction becomes large and the expansion operation cannot be performed smoothly.

(0021)

Moreover, in the case in which a metal pipe joint with length of several thousand meters that has a uniform
internal diameter is expanded at once using a mandre), the mandrel constantly receives a reactive force
from the metal pipe joint at the time of the pipe expansion, so a large motive energy becomes necessary to

. move the mandrel.

(0022)

In order to solve this problem, a point is disclosed in International Publication Number W098/0062, for
example, in which the frictional force that generates between the mandrel and the casing is reduced by
constructing the tapered surface of the mandrel with a nonmetal material such as zirconia, but there is no
change in the fact that the mandrel continuously receives a constant reactive force from the casing during
pipe expansion, and it is insufficient with respect to motive energy conservation.

(0023)

Furthermore, as disclosed in Published Japanese Translation of a PCT Application H7-507610, it is
possible to conserve motive energy in comparison to the case in which the mandrel is expanded all at once
by repeating the following process: retain the hydraulic expansion tool in a location within the casing,
cxpand the hydraulic expansion tool and expand only the casing that is in that position, and then move it to
the upper region after contracting the hydraulic toel. However, this results in expanding the casing in a
multistage manner, so there is the drawback that the operation efficiency is poor.

(0024)

Moreover, in the case in which the metal pipe is bonded using a diffusion bonding method, it is typical to
_evenly process only the end face of the metal pipe and use it for bonding without adjusting the periphery

surface and the wall thickness. However, in industrially mass produced metal pipes; there is a prescribed

dimensional tolerance, and the external diameters and wall thickness of each metal pipe vary within the . -

range of the dimensional tolerance.

(0025)
Therefore, in the case in which mass produced metal pipes are used as they are in diffusion bonding, there
is-the danger that level differences will arise in the junctions of the metal pipe joints that are obtained.
Stress tends to concentrate in level differences that generate in the junctions, so in the case in which such
metal pipe joints are expanded, there is the danger that fissures will generate from the regions of level
differences. Furthermore, because the level differences remain in the junctions even after pipe expansion, -
there is the danger that fatigue characteristics and corrosion resistance will diminish due to stress :
concentration or the retention of corrosive substances. However, nothing is disclosed in the aforementioned
- prior art literature regarding specific means to solving such problems.
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(0026)

A problem addressed by the present invention is to provide a metal pipe joint for pipe expansion and its
manufacturing method in which (a) fissures do not generate in the junction, even if pipe expansion is
performed, and (b) there is no reduction in the airtightness of the junction that originates from the loosening
of thread.

(0027)

Furthermore, another problcm addressed by the prcsent invention is to provide a metal pipe joint for pipe
expansion and its manufacturing method, in which (a) the deformation resistance at the time of pipe
expansion is small and (b) motive energy conservation in the pipe expansion operation is possible.

(0028) :

. Furthermore, another problem addressed by the present invention is to provide a metal pipe joint for pipe
‘expansion and its manufacturing method, in which (a) the level differences that arise in the junctions are -
small, and (b) is superior with respect to strength, fatigue characteristics, and corrosion resistance.

(0029)

(Means for Solvmg the Problems)

In order to solve the aforementioned problems the metal pxpe ]omt for pipe expansxon of the present
invention can be summarized in that it is a metal pipe joint in which multiple metal pipes have been

bonded, and the internal diameters of the junctions are larger than the internal diameters of the non-

conjugative regions.

(0030)
‘Specifically, such a metal pipe joint for pipe expansion can be easily manufactured by expanding the
internal diameter of the vicinity of the end of the metal pipe in advance, and then bonding like metal pipes
to one another. In this case, it is desirable to expand the internal diameter of the vicinity of the end of the -
metal pipe such that the end diameter expansion rate is greater than 5%. If the end diameter expansion rate
is less than 5%, then there is the danger that fissures will generate from the junctions when performing pipe.
expansion, so this is undesirable. Moreover, in this case, a diffusion bonding method or an arc welding
method would be ideal as a bonding method.

-(0031)

-:Moreover, a metal pipe joint such as that described above can also be manufactured by expanding the
internal diameter in the vicinity of the end of the metal pipe, forming thread on the end of the metal pipe,
and mechanically fastening like metal pipes to one another with the thread. In this case, it is desirable to
expand the internal diameter of the vicinity of the end of the metal pipe such that the end diameter
expansion rate is greater than 10%. If the end diameter expansion rate is less than 10%, the thread regions
plastic-deform and the airtightness of the thread regions decreases, so this is undesirable.

(0032)

Furthermore, a metal pipe joint such as that described above can also be manufactured by butting metal
pipes whose internal diameters in the vicinity of the end have not been expanded, and diffusion bonding
them under bonding conditions such that the junction vicinity laterally expands. In this case, it is desirable -
:to-perform diffusion bonding such that the lateral expansion rate in the junction vicinity is greater than
1.04%. If the lateral expansion rate is less than 1.04%, there is the danger that fissures will generate from
the junctions when performing pipe expansion, so this is undesirable.

(0033)

As for the metal pipe joint for pipe expansion of the present invention that has the configuration described
above, the internal diameters of the junctions are larger than the internal diameters of the non-conjugative
regions, so in the case in which such a metal pipe joint for pipe expansion is expanded using a mandrel, for,
example, itis p ssible to restrain the plastic stress of the junctions such that it is less than the plastic stress _
of the non-conjugative regions.



(0034)

Therefore, it becomes difficult for fissures to generate in the junctions duc to pipe expansion, even in the
case in which, for example, when metal pipe whose end internal diameters have been expanded at a
prescribed end diameter expansnon rate are bonded through diffusion bonding or welding methods and the
obtained metal pipe joint is expanded, heat-affected zones generate in the vicinity of the bonding
boundaries and the deformability in the vicinity of the bonding boundaries is diminished.

(0035)

Moreover, if metal pipes whose end intemnal diameters have not been expanded are butted, a metal pipe -
joint is formed by plastic-deforming the junction into a barrel shape at a prescribed lateral expansion rate

with the pressure at the time of diffusion bonding, and this is expanded; then not only is the generation of
fissures in the junction restrained, but there is also the advantage that the process of expanding the end

internal diameters of the metal pipes becomes unnecessary..

(0036)

Furthermore, in the case in which a metal pipe joint is formed by using a threaded connection method to
bond metal pipes whose end internal diameters have been cxpandcd ata prcscnbcd end diamecter expansion
rate, if the metal pipe joint is expanded such that the pipe expansion rate is less than the end diameter
expansion rate; then there is to be no incidence of plastic-deformation of the junction. Therefore, there is no
decrease in airtightness, which originates from the loosening of thread.

(0037)

Moreover, in the metal pipe joint for pipe expansion of the present invention, the internal diameters in the
junction vicinity are greater than the internal diameters of the non-conjugative regions, so the deformation
resistance in the junction vicinity becomes small. Therefore, it is possible to perform the pipe expansion
operation smoothly, and the motive energy in the pipe expansion operation is also conserved.

(0038)

Furthermore, in the case in which a metal pipe joint is formed by expanding the ends of the metal pipes ata
prescribed end diameter expansion rate in advance and bonding the expanded metal pipes, it is possible to

at least ahgn each of the metal pipes through diameter expansion. Therefore, even in the case in which a
metal pipe joint is manufactured using metal plpes in which the external diameters or wall thicknesses vary
within a prescribed dimensional tolerance, it is possible to reduce the level differences that generate on the
inside surface of the junction, and it becomes possxble to obtain a metal pipe junction that is supcnor with
respect to strength, fatigue characteristics, and corrosion resistance.

(0039)

(Embodiments of the Invention) ‘ :

Embodiments of the present invention will be explained in detaﬂ below with reference to the drawings.
Figure 1 is a flow chart that shows manufacturing method (called “method A” hereafter) for the metal pipe -
joint for pipe expansion of the first embodiment of the present invention. In Figure 1, method A comprises
a diameter expansion process, an end face finishing process, and a diffusion bonding process.

(0040) -

First, the diameter expansion process will be explained. The diameter expansion process in which only the
internal diameters of both ends inside cylindrical metal pipe 30 as shown in Figure 1 (a) are enlarged using
an appropriate industrial tool, and metal pipe 30, in which the internal diameter d, of the end has become
greater than the internal diameter d, in the center, is processed as shown in Figure 1 (b).

(0041)

Here, as for the metal pipe 30 that is used in the present invention, there are no-particular restrictions
regarding material quality or dimensions as long as it is of a material that has deformability that can
withstand the pipe expansion described later. For example, in metal pipe joints that arc used in applications
in which only mechanical characteristics are required, it is possible to use carbon steel for metal pipe 30.
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'Moreover, in applications in which both strength and corrosion resistance of line pipes or oil well pipes are
required, for example, it is possible to use stainless steels such as martensitic stainless steel, two-phase
stainless steel, or austenitic stainless steel, or Ti alloy.

(0042)

Moreover, in the present invention, the increment of the intemal diameter of metal pipe 30 after expansion
with respect to the minimum value of the internal diameter of each metal pipe 30 prior to expansion is
called the end diameter expansion rate, and it is defined by the following Formula 1.

(0043)

(Formula 1)

End diameter expansion rate (%) = (d; — do min) X 100/dj min-

Where: .

dg: internal diameter of the end of metal pipe 30 after expansion

“do mia: . inimum value of the internal diameter of the end of metal pipe 30 prior to expansion

(0044) ' ' - :

- In the case of method A, it is desirable for the end diameter expansion rate to be greater than 5%. If the end
diameter expansion rate is less than 5%, then the necessity to greatly plastic-deform the junctions arises n
the pipe expansion process explained later, and there is the danger that fissures will generate in the
junctions, so this is undesirable. Moreover, if the end diameter expansion rate is less than 5%, there are

- cases in which large level differences generate in the junctions due to the dimensional accuracy of each

* " metal pipe 30, and the fatigue strength diminishes, so this is also undesirable.

(0045) : :

This is because, if the end diameter expansion rate is less than 5% in the case in which the internal diameter
of metal pipe 30 varies within a prescribed dimensional tolerance, there is the danger that only metal pipes

. whose internal diameter d, prior to expansion is smaller than the internal diameter d, after expansion will

* be expanded, and metal pipes that have internal diameters greater than d; will not be expanded.

*. (0046) . ) o o v

Also, as the minimum value dy mis of the internal diameter that is used to calculate the end diameter

' expansion rate, from the perspective of allowing for safety it is desirable to use the minimum value
anticipated from the specifications of the metal pipe used in bonding, but it would also be acceptable to use

an actual measurement. : : :

(0047) : :

" Moreover, from the perspective of reducing plastic-deformation in the junctions and restraining the -
‘generation of fissures; the larger the end diameter expansion rate is the better. Therefore, in accordance - ;

" with the simplicity of the processing of metal pipe 30 and the applications of the metal pipe joint that is
obtained, diameter expansion should be performed with the ideal end diameter expansion rate within a
range below the pipe expansion rate described later.

(0048) . A : ‘ _ ‘

- Moreover, the length (called “diameter expansion length” hereafter, represented by “L,” within Figure 1
(b)) of the portion in which the internal diameter was enlarged through diameter expansion may be
arbitrarily chosen with consideration on the simplicity of processing of metal pipe 30 and the applications,
but from the perspective of reducing deformation resistance in the pipe expansion process described later:
and conserving motive energy in the pipe expansion operation, the longer it is the better.
(0049) Lo ,

. Furthermore, there are no particular restrictions on the diameter expansion method either, and it is possible
to use various methods. Normally, a mandrel or a plug that has an external diameter corresponding to d, -



that is expressed in Formula 1 should be inserted into the end of metal pipe 30 up to a prescribed length,
and the end internal diameter should then be expanded.

(0050)

Next, the end face finishing process will be explained. The end face finishing process is a process in which,
as shown in Figure 1 (c), the end face of metal tube 30, whose end internal diameter was expanded through
the diameter expansion process, is machine finished to a prescribed surface roughness. This is because, if
the surface texture of the end face of metal pipe 30 is rough, then the bonding boundaries will not
sufficiently adhere and high bond strength will not be obtained in the diffusion bonding process described
later. . .

(0051)

Also, there are no particular restrictions regarding the end surface finishing method, and various methods
such as grinding or lapping can be used. Moreover, in the case in which the surface roughness of the end
face of metal pipe 30 is held within a prescribed range even after diameter expansion, the end face finishing
process is not absolutely necessary, and it can be omitted. :

(0052) '
Next, the diffusion bonding process will be explained. The diffusion bonding process is a process in which
metal pipes 30, whose end internal diameters were.expanded in the diameter expansion process and whose
end faces were finished to a prescribed surface roughness in the end face finishing process, are butted and
like metal pipes 30 are diffusion bonded to one another.

(0053)

Here, as for the dnﬁ'usmn bonding tncthod, thcrc is (a) solid phase diffusion bonding that directly butts
metal pipes 30 and diffuses elements while maintaining them in the solid phase, and (b) liquid phase
diffusion bonding that places an insert matcrial onto the bonding boundary and diffuses elements while
temporarily melting the insert material, and either method may be used.

(0054)

.In particular, with liquid phase dJﬁ‘usxon bonding, joints that have strength that is equivalent to that of the:
parent material can be obtained in a short period of time in comparison to solid phase diffusion bonding, so
it is ideal as a bonding method. One example of metal pipe joint 32 that is bonded through liquid phase
diffusion bonding by placing insert material 36 on the bonding boundary of metal pipes 30 and 30 is shown .
in Fxgure 1 (d). :

(0055)

Moreover, as for the condmons for dlff\JSIOD bonding, an ideal range should be chosen according to the
material of the metal pipe 30 that is used. Specifically, it should be performed under the followmg
conditions.

{0056)

First, it is preferable for the surface roughness Rmax of the bonding surface to be less than 50 pm. If the
surface roughness Rmax of the bonding surface exceeds 50 ym, like metal pipes 30 will not sufficiently
adhere at the bonding surface and high bonding strength will not be obtained, so this is not desirable. From
the perspective of obtaining high bonding strength, the smaller the surface roughness Rmax is the better.

(0057)

Moreover, as for the insert matenal 36 that is used, a Nl-famxly alloy or Fe-faxmly alloy that has a melting
point that is less than 1200°C is ideal. If the melting point of insert material 36 exceeds 1200°C, a high
‘bonding temperature will become necessary, which is undesirable because the parent material will be
melted during bonding, or unbonded portions will generate because insert material 36 is not melted.

| (0058)



Furthermoré, the thickness of the insert material 36 that is used is preferably less than 100 ym. If the
thickness of the insert material 36 exceeds 100 ym, the diffusion of elements at the bonding boundary will
not be sufficiently performed and the bonding strength will diminish, so this is undesirable.

(0059)
Also, there are no particular restrictions regarding the shape of insert material 36,
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and an insert material 36 made of foil with thickness less than 100 gm may be placed on the bonding
boundary. Altematively, it would also be acceptable to disseminate a powder or squamation insert material
36 on the bonding boundary, or to make it into a paste and apply it to the bonding boundary in order to
bring the thickness to less than 100 um.

(0060)

A non-oxidizing atmosphere is preferable for the bonding atmosphere. If bonding is conducted under an -
oxidizing atmosphere, the bonding boundary vicinity will oxidize and the bonding strength will diminish,
so this is undesirable.

(0061)

It is ideal for the bonding temperature to be within a range that is greater than 1250°C and less than
1400°C. If the bonding temperature is less than 1250°C, portions of insert material 36 will not melt, or the
diffusion of elements will not be conducted sufficiently, causing the bonding strength to diminish, so this is
undesirable. Moreover, if the bonding temperature is greater than 1400°C, there is the danger that the
parent material will melt, so this is not desirable.

(0062)

It is ideal for the retention time of the bonding temperature to be greater than 30 seconds and less than 300
seconds. If the retention time is less than 30 seconds, the diffusion of elements on the bonding boundary
will become insufficient and the bonding strength will diminish, so this is undesirable. Moreover, the
operation efficiency will diminish if the retention time is greater than 300 seconds, so this is also
undesirable,

(0063) :

Furthermore, it is ideal for the pressure that is applied to the bonding boundary to be greater than 1.5 MPa
and less than 5 MPa. If the applied pressure is less than 1.5 MPa, the adherence of the bonding boundary
will become insufficient and the bonding strength will diminish, so this is undesirable.

. (0064)

Moreover, in method A, pipe expansion of the metal pipe Jomt is performed in the pipe expansion process
- described later after the metal pipes are bonded, so it would be acceptable for the junction vicinity to
slightly deform after bonding. However, if the sum of the increment of the internal diameter in the diameter
expansion process and the increment of the internal diameter that originates from deformation at the time of
bonding exceeds the pipe expansion rate in the pipe cxpansion process described later, then irregularities
will remain in the vicinity of the bonding boundary even after pxpe expansion, which becomes a cause for
the reduction of bonding strength. Accordingly, in method A, it is ideal to configure the applied prcssurc to
less than 5 MPa such that the junction vicinity does not excessively deform.

(0065)
Moreover, as a heating method when performing diffusion bonding, it is possible to use various methods -
such as high frequency induction heating, high frequency direct conduction heating, or resistance heatmg
Among these, with high frequency induction heating and high frequency direct conduction heating, it is
possible to easily heat even with a relatively large material to be bonded, the heating efficiency is high, and
it is possible to heat to the bonding temperature in an extremely short amount of time, so they are

- particularly suitable as heating methods.

(0066)

However, as for the high frequency current that is used in high frequency induction heating or high
frequency direct conduction heating, it is ideal to use a current that has frequency less than 100 kHz. If the
frequency exceeds 100 kHz, only the surface will be heated due to the skin effect and the entire bonding
surface will not be heated umformly, so this is undesirable.

(0067)



Next, the pipe expansion process for the metal pipe joint for pipe expansion that was obtained in this way
will be explained. The pipe expansion process is a process in which pipe expansion is performed on the
metal pipe joint 32 that was manufactured in the diameter expansion process, end face ﬁmshmg process,
and the diffusion bonding process described above, and the internal dlameter of metal pipe Jomt 32 is set to
a uniform size.

(0068)

Specifically, mandrel 34 is inserted as shown in Figure 2 (a) from one end of metal pipe joint 32 whose
internal diameters of the junctions and non-conjugative regions are respectively d, and do, mandrel 34 is
moved towards the other end of metal pipe joint 32 as shown in Figure 2 (b), and the internal diameter of
metal pipe joint 32 is enlarged to d,. In the present invention, the increment of the internal diameter after
pipe expansion with respect to the minimum value of the internal diameter of the non-conjugative regions
prior to pipe expansion is called the pipe expansion rate, and it is defined by the following Formula 2.

(0069)

(Formula 2) .

Pipe expansion rate (%) = (d; — do min) X 100/dg min

Where:

dy: internal diameters of the non-conjugative regions after pipe expansion

do min:  Minimum value of the internal diameters of the non-conjugative regions prior to pipe expansion

(0070)

" Also, in the case of method A, the pipe expansion rate may be arbitrarily chosen with consideration on the
deformability of metal pipe 30 and the application of metal pipe joint 32. Moreover, if the bonding .
conditions are appropriate, it is possible to highly maintain the deformability of the junction vicinity, so it is
also possible to expand with a pipe expansion rate that is larger than the end diameter expansion rate.
Furthermore, it would be acceptable to use the minimum expected value from the specifications as the
‘minimum value dy ;, of the internal diameter of the non-conjugative regions prior to pipe expansion, and

the fact that an actual measurement may also be used is the same as for Formula 1.

(0071)

Next, the effects of method A will be explained. If the diameters of the ends of metal pipes 30 (Figure 1
(a)) that have prescribed length and internal diameter are expanded with a prescribed end diameter
expansion rate and a prescribed diameter expansion length L, (Figure 1 (b)), and like metal pipes 30 are-
diffusion bonded to one another after the end faces are machine finished to a prescribed surface roughness
(Figure 1 (¢)), then it is possible to obtain metal pipe joint 32 in which the internal diameters d, of the
junctions have become larger than the internal diameters d, of the non-conjugative regions as shown in

Figure 1 (d).

(0072)

If mandrel 34 is inserted into one end of such a metal pipe joint 32 and mandrel 34 is moved towards the
other end, then the internal diameter of metal pipe joint 32 enlarges, and it is possible to obtain metal pipe
joint 32 that has a constant intemal diameter d, as shown in Figure 2 (b).

(0073)

At this time, the internal diameter d,; of the junction prior to pipe expansion has become greater than the
internal diameters d, of the non-conjugative regions, so the plastic stress of the junction at the time of pipe
expansion becomes smaller.than the plastic stress of the non-conjugative regions. Therefore, it becomes
difficult for fissures to generate in the junction due to pipe expansion, even in the case in which heat-
affected zones generate at the time of diffusion bonding and the deformability of the junction diminishes.

(0074)

Moreover, because the internal diameter d; of the junction is larger than the mtemal diameter d, of non-
conjugative regions, the deformation resistance in the junction vicinity becomes small. The quantity of
diminution becomes larger as the internal diameter d, of the junction becomes larger or the diameter
expansion length L, bec mes longer. Therefore, the sum of the frictional resistance that mandrel 34



receives at the time of pipe expansion becomes small in comparison to the case in which a metal pipe joint
that has a uniform internal diameter is expanded, and motive energy is conserved in the pipe expansion
operation.
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(0075)

Furthermore, even in the case in which the exterior diameters and wall thicknesses of each metal pipe 30
vary within the dimensional tolerance, if the internal diameters in the end vicinity of metal pipes 30 are
expanded and they are bonded after the internal diameters of all of the metal pipes 30 are aligned, then itis
possible to reduce the level differences that gencrate on the inner periphery side of the junction of metal
‘pipe joint 32. Therefore, with such a metal pipe joint 32, the danger that fissures that originate from level
differences in the junction will generate is small, even if pipe expansion is performed. Moreover, stress
concentration and the retention of corrosive substances become unlikely, so the strength, fatigue
characteristics, and corrosion resistance of metal pipe joint 32 that was expanded will not diminish.

(0076)

Also, a diffusion bonding method is used as the bonding method in method A described above, but it would
also be acceptable to use an arc welding method, and through this it would be possible to obtain the same
results (called “method A’ hereafter). In this case, the internal diameters of the end vicinity of metal pipes
30 are expanded with a prescribed end diameter expansion rate in the diameter expansion process, grooves
are formed on metal pipes 30 in the end face finishing process, and these are butted and molten metal is
clad in the grooves.

(0077)

Next, the manufacturing method of the metal pipe joint for pipe expansion of the second embodiment of the
present invention will be explained. Figure 3 is a flow chart that shows the manufacturing method (called
“method B” hereafter) of the metal pipe joint for pipe expansion of the second embodiment of the present
invention. In Figure 3, method B comprises a diameter expansion process, a thread working process, and a
fastening process.

(0078)

The diameter expansion process is a process in which, in the same manner as method A explained above,
by enlarging only the internal diameter of the end vicinity within cylindrical metal pipe 40 as shown in
Figure 3 (a) using an appropriate industrial tool, the metal pipe 40, in which the internal diameter of the end
vicinity has been expanded at a prescribed end diameter expansion rate, is processed as shown in Figure 3

(b).

(0079)

However, in the case of method B, it is desirable for the end diameter expansion rate to be greater than
10%. If the end diameter expansion rate is less than 10%, the necessity to greatly plastic-déform the
-junctions in the pipe expansion process described later will arise, and if junctions that have been fastened
through threaded connection methods are plastic-deformed, the thread will become loose and the
airtightness will diminish, so this is undesirable.

(0080)

Also, (a) the fact that any material that has deformability that can w1thstand the pipe expansion can be used
for metal pipe 40, (b) the fact that the expansion length L, can be arbitrarily chosen with consideration on
simplicity of processing of metal pipe 40, and (c) the fact that various methods can be used for the diameter
expansion method are ali the same as method A described above.

(0081)

Next, in the thread working process, external thread 40a is formed on the end of metal pipe 40 whose end
internal diameter was expanded in the diameter expansion process, as shown in Figure 3 (c). Also, in the
case of threaded connection methods, the load that can support the junctions is dependant upon the length
L, of the thread, so it is possible to arbitrarily establish thread length L, accordmg to the characteristics
required by metal pipe joint 42.

(0082)



Next, the fastening process is a process in which like metal pipes 40, whose end internal diameters were
expanded in the diameter expansion process and external thread 40a was established on the ends in the
thread working process, are fastened to one another using coupling 44. Internal thread 44a that can screw
into external thread 40a that was formed on metal pipes 40 is formed on coupling 44. Metal pipe joint 42
that was obtained in this way is shown in Figure 3 (d).

(0083) :

The manufactured metal pipe joint 42 is expanded in the same manner as with metal pipe joint 32 that was
obtained through method A, and the internal diameter of metal pipe joint 42 is enlarged to the uniform size
d,. Specifically, mandrel 34 is inserted from one end of metal pipe joint 42 as shown in Figure 4 (a), and
the internal diameter of metal pipe joint 42 is expanded with a prescribed pipe expansion rate by moving
mandrel 34 towards the other end of metal pipe joint 42, as shown in Figure 4 (b).

(0084)
Here, in the case of method B, it is desirable to perform the pipe expansion of metal pipe joint 42 with a

- pipe expansion rate that is less than the end diameter expansion rate of metal pipe 40. If the pipe expansion
tate exceeds the end diameter cxpansion rate, there is the danger that the junction will plastic-deformand
the threads will become loose at the time of pipe expansion, so this is undesirable. Moreover, the junction
vicinity is thick-walled because there is the coupling 44. Therefore, expanding pipe with a pipe expansion
rate that exceeds the end diameter expansion rate invites the increase of deformation resistance and a
smooth pipe expansion operation becomes difficult, so this is undesirable.

(0085) . : . _ .
Next, the effects of method B will be explained. If the internal diameters of the end vicinity of metal pipes.
40 are expanded in advance such that the end diameter expansion rate is greater than 10%, and like metal
pipes 40 are bonded to one another through a threaded connection method, then it is possible to easily
obtain metal pipe joint 42 in which the internal diameter d, of the junction has become larger than the
internal diameter d, of the non-conjugative regions.

(0086)

If metal pipe joint 42 that was obtained in this way is expanded using a mandrel, for example, the
deformation resistance of the junction vicinity becomes small in the same manner as with method A.
Therefore, motive energy in the pipe expansion operation can be conserved in comparison to the case in
which a metal pipe joint that has a uniform internal diameter is expanded. In addition, pipe expansion is
performed with a pipe expansion rate that is less than the end diameter expansion rate, so the problem that
is specific to threaded connection methods — the decrease of airtightness that originates in the thread
plastic-deformation — is solved.

(0087) : o : _

Next, the manufacturing method of a metal pipe joint for pipe expansion of the third embodiment of the .-
present invention will be explained. Figure 5 (a) - (c) is a flow chart that shows the manufacturing method
. of a metal pipe joint for pipe expansion of the third embodiment of the present invention (called “method
C” hereafter).

(0088) S

In the case of method C, the fact that any material that has deformability that can withstand the pipe
expansion can be used for metal pipe 50 is the same as with method A. However, it differs from method A
in that the ends of cylindrical metal pipes 50 are not expanded, but rather diffusion bonding is performed as
they are, and the junction vicinity is deformed into a barrel shape at the time of diffusion bonding.

(0089)
Stated simply, the diameter of the end of cylindrical metal pipe 50 such as that shown in Figure 5 (a) is not
expanded,
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but instead they are butted and pressurized as they are (Figure 5 (b)), and the junction vicinity is heated
through heat source 54. Also, as for the bonding method, a liquid phase diffusion bonding method that
performs bonding by placing insert material 36 on the bonding boundary as shown in Figure 5 (b) may be
used, or a solid phase diffusion bonding method that does not usc insert material 36 may also be used.

(0090)

At this time, if the bonding conditions are appropriate, the bonding boundary vicinity is deformed into a

* barrel shape at the same time that diffusion bonding progresses on the bonding boundary, and it is possible
to obtain metal pipe joint 52 in which the internal diameter d;3) of the junction has become larger than the
internal diameter d, of the non-conjugative regions as in Figure 5 (c). In the present invention, the
increment of the internal diameter of the junction after diffusion bonding with respect to the minimum
value of the internal diameter of the non-conjugative regions of the metal pxpe is called the lateral
expansnon rate, and it is defined by the following Formula 3. .

| (0091)

(Formula 3)
- Lateral expansion rate = d;/do min
- Where:
Ds: Intemal diameter of the junction

dp min:  Minimum value of the internal diameter of the non-conjugative regions

' (0092)

> In the case of method C, it is desxrable for the lateral expansion rate to be greater than 1.04. If the lateral

: expansion rate is less than 1.04, there is the danger that the necessity to greatly plastic-deform the junction
“ will arise in the pipe expansion process described later and fissures will generate in the junction, so this is
undesirable.

(0093)

" Also, it would be acceptable to use the minimum expected value from the specifications as the minimum
value dy i, of the internal diameter of the non-conjugative regions, and the fact that an actual measurement
- may also be used is the same as for Formula 1. Moreover, from the perspective reducing the plastic stress

- of the junction at the time of pipe expansion and restricting the generation of fissures, the larger the lateral

" expansion rate is the better. Furthermore, from the perspective of making the deformation resistance small

" in the pipe expansion process, the longer the length (called the “expansion length” hereafter, expressed by
“Ly” within Figure 5 (c)) of the portion whose internal diameter was increased through diffusion bonding is
the better.

© (0094) ' :
- Moreover, in the case of method C, it is necessary to actively plasnc-deform the bondmg boundary vicinity

" at the time of diffusion bonding, so with regard to the diffusion bonding conditions, it is necessary to select
conditions obtained from the required lateral expansion rate, for example. Specifically, bonding should be
performed under the following conditions.

(0095)

Simply stated, it is 1deal for the bonding temperamre to be within a range that is greater than 1250°C and

- less than 1400°C. If the bonding temperature is less than 1250°C, portions of insert material 36 will not

* melt, or the diffusion of elements will not be conducted sufficiently, causing the bonding strength to
diminish. Moreover, if the bonding temperature is too low, the deformation resistance of metal pipe 50 will
become large and the prescribed lateral expansion rate will not be obtained, so this is undesirable.
Furthermore, if the bonding temperature is greater than 1400°C, there is the danger that the parent material
will melt, so this is also undesirable.

(0096)



It is ideal for the retention time of the bonding temperature to be greater than 60 seconds. If the retention
time is less than 60 seconds, it will not be possible to obtain a large lateral expansion rate, so this is
undesirable. Also, from the perspective of making the lateral expansion rate large, the longer the retention
time is the better, so the retention time should be adjusted such that the prescribed lateral expansion rate is
obtained.

(0097) _
Moreover, it is ideal for the pressure that is applied to the bonding boundary to be greater than 2 MPa. If
the applied pressure is less than 2 MPa, it will not be possible to obtain a large lateral expansion rate, so
this is undesirable. Also, in the case of method C, from the perspective of making the lateral expansion rate
large, the greater the applied pressure is the better, and it may even be greater than 5 MPa. However, if the
lateral expansion rate exceeds the pipe expansion rate, irregularitics will remain in the bonding boundary
vicinity even after pipe expansion, and the bonding strength will diminish. Accordingly, it is desirable to
adjust the applied pressure such that the lateral expansion rate is less than the pipe expansion rate.

(0098) :

Furthermore, it is desirable for the heating width of the junction vicinity to be greater than 20 mm. If the
heating width is less than 20 mm, the lateral expansion ratc will become small and the expansion length L;
will become short, so this is undesirable. From the perspective of making the deformation resistance at the
time of pipe expansion small, the larger the lateral expansion ratc and the longer the expansion length L; is
the better, and therefore, it is better for the heating width to be long.

(0099)
Also, (a) the fact that it is desirable for the surface roughness Rmax of the bonding surface to be less than

50 ym, (b) the fact that a Ni-family alloy or an Fe-family alloy of thickness less than 100 ym whose melting
point is less than 1200°C is preferable, and (c) the fact that there are no particular restrictions with regard to
the shaped of insert material, and it is possible to use a foil, a powder, or a squamation insert material are
all the same as with method A.

(0100)

Moréover, (a) the fact that a non-oxidizing atmosphere is preferable for the bonding atmosphere, and (b)
the fact that high frequency induction heating or high frequency direct conduction heating that uses a high
frequency current with a frequency less than 100 kHz is preferable for the heat source when performing
diffusion bonding are also both the same as with method A. :

(0101)

Next, pipe expansion is performed on metal pipe joint 52 that was manufactured as described above and
has a prescribed lateral expansion rate. Specifically, mandrel 34 is inserted from one end of metal pipe joint
52 as shown in Figure 5 (d), and mandrel 34 is then moved towards the other end of metal pipe joint 52.

(0102) -

Also, (a) the fact that the pipe expansion rate may be arbitrarily chosen with consideration upon the
deformability of metal pipe 50 and the application of metal pipe joint 52, and (b) the fact that it is possible
to highly maintain the deformability of the junction vicinity if the bonding conditions are appropriate, so it
is possible to perform pipe expansion with a pipe expansion rate that is greater than the end diameter
expansion rate are both the same as with method A.

(0103) )

Next, the effects of method C will be explained. If metal pipes 50 whose end internal diameters have not
been expanded are butted, and the junction vicinity is actively plastic-deformed while like metal pipes SO .
are diffusion bonded to one another, then it is possible to easily obtain metal pipe joint 52 in which the
internal diameter dy of the junction has become larger than the internal diameter d, of the non-conjugative
regions.

(0104)



If a metal pipe joint 52 that was obtained in this way is expanded using a mandrel for example, the
deformation resistance of the junction vicinity becomes small in the same manner as with method A.

Therefore, in comparison to the case in which a metal pipe joint that has a uniform internal diameter is
expanded,
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it is possible to perform the pipe expansion operation smoothly, and it is also possible to conserve motive
energy in the pipe expansion operation.

(0105) ,

Moreover, because the internal diameter of the junction has become larger, it is possible to reduce the
plastic stress of the junction at the time of pipe expansion. Therefore, as with method A, even in the case in
which heat-affected regions generate in the junction vicinity and the deformability is diminished, the
generation of fissures in the junction due to pipe expansion becomes unlikely, and it is possible to obtain a
metal pipe joint that is superior with respect to strength and airtightness.

(0106)
(Embodiment 1)
Pipe expansion was performed on a metal pipe joint using method A. A carbon steel pipe made from
 American Petroleum Institution Grade H40 (this is notated as “AP1 H40” hereafter) with an external

. diameter of 7 inches (178 mm) and wall thickness 0.231 inches (6 mm) was used for the metal pipe, and the
" end internal diameter of this steel pipe was cxpanded such that the cnd diameter expansion rate was 5%.

(0107)

Next, the end face of the expanded metal pipe was finished such that the surface roughness Rmax is less
than 30 ym, a Ni-family alloy foil with melting point of 1050°C and thickness of 50 #m that has a
composition equivalent to JIS BNi-3 was placed on the bonding boundary of the metal pipe, and liquid
phase diffusion bonding was performed. Furthermore, the obtained metal pipe joint was expanded using a.-
. mandrel such that the pipe expansion rate was 25%.

(0108)

Also, a high frequency induction heating method that uses a high frequency current with a frequency of 3

kHz was used as the heating method for the junction. Moreover, the bonding conditions were such that the

bonding temperature was 1300°C, the retention time was 180 seconds, and the applied pressure was 4 MPa,
" and bonding was performed in an Ar atmosphere.

(0109) .

(Embodiments 2 - 3, Comparative Examples 1, 2)

Apart from respectively setting the end diameter expansion rates of metal pipes 30 to 0% (Comparative
Example 1), 3% (Comparative Example 2), 20% (Embodiment 2), and 25% (Embodiment 3), the
manufacturing and expansion of the metal pipe joints were performed in accordance with the same
procedures as with Embodiment 1.

(0110)
With respect to the metal pipe joints that were obtained in Embodiments 1 - 3 and Comparative Examples 1
- 2, the maximum value of the level differences that generated on the inner periphery side of the junctions
after bonding (this is simply called the “maximum level difference” hereafter) was measured. Moreover, a
penetrant test was performed with respect to the junction surface after pipe expansion, and the presence of
cracks was investigated. Furthermore, after the level differences alone that generated on the external
periphery of the expanded joint were grinded with a grinder and set to less than 0.5 mm, an AP11104
specimen was extracted from this joint and tensile tests were conducted. The results are shown in Table 1.

(0111)
(Table 1)
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Test Number Comparative | Comparative | Embodiment | Embodiment Embodiment
Example 1 Example 2 1 2 3
- Steel Material
1 Pipe | Dimensions | Extemnal
Diameter
(Inches)
Wall
Thickness
(Inches)
End Diameter Expansion Rate
(%)
Bonding Surface Roughness
(Rmax: um)
Material
Melting Point
Insert Material (°C)
Thickness
(ym)
, Form Foil Foil Foil Foil Foil
Bonding Temperature (°C)
Retention Time (s)
Applied Pressure (MPa)
Bonding Atmosphere
Heating Method for the High High High High High
Junction Frequency Frequency Frequency Frequency Frequency -
Induction Induction Induction Induction Induction
Heating Heating Heating Heating Heating
Method Method Method Method Method
(3 kHz) (3 kHz) (3 kHz) (3 kHz) (3 kHz)
Maximum Level Difference of
the Junction (mm)
Pipe Expansion Rate (%) ]
Results of Junction Surface . Cracks Cracks No Cracks No Cracks No Cracks -
Penctrant Test Present Present :
Tensile Test Tensile
Results Strength
(MPa) .
Break Bonding Bonding Parent Parent Parent
Location Boundary | Boundary Material Material Material

Comprehensive Evaluation

" (0112)

In Comparative Example 1 in which the

end diameter expansion rate was taken to be 0%, the maximum

level difference reached 4 mm. Moreover, multiple fissures were recognized in the penetrant test after pipe
expansion. Furthermore, the tensile strength exhibited low strength of 283 MPa, and the specimen broke -

. away from the bonding boundary.

(0113)

In Comparative Example 2 in which the end diameter expansion rate was taken to be 3%, the maximum
level difference fellt 1 mm. Moreover, significant fissures were recognized in the junction in the
penetrant test after pipe expansion, but the number of fissures was less than in Comparative Example 1.




Accordingly, the tensile strength improved to 467 MPa, but the specimen broke away from the bonding
boundary.

(0114)
In contrast to this, in Embodiments 1, 2, and 3 in which the end diameter expansion rates were respectively
taken to be 5%, 20%, and 25%, the maximum level differences all fell to 0.5 mm. Moreover, no fissures
were recognized on the bonding boundary in the penetrant tests following pipe expansion in any of the
embodiments. Furthermore, the bonding strengths all exhibited strengths greater than 700 MPa, which is

- equivalent to that of the parent material, and the specimens broke away from the parent material side.

(0115)

‘From the above results, it became clear that if the end internal diameter of the metal pipe is expanded
before the metal pipes are bonded such that a value greater than the prescribed end diameter expansion rate
is achieved, it is possible to make the maximum level difference small. Moreover, it became clear that the
greater the end diameter expanswn rate is made, the more difficult it will be for fissures to generate in the
Junctlon at the time of pipe expansion, and a metal pipe joint with higher bonding strength can be obtamed.

(0116)

(Embodiment 4)

Pipe expansion was performed on a metal pipe joint using method A. A carbon steel pipe made from API
HA40 with an external diameter of 7 inches (178 mm) and wall thickness 0.231 inches (6 mm) was used for
the metal pipe, and the end internal diameter of this steel'pipe was expanded such that the end diameter .
expanswn rate was 15%.:



11 Japanese Unexamined Patent Application 2000-107870

(0117)

Next, the end face of the expanded metal pipe was finished such that the surface roughness Rmax is less
than 30 x#m, an Fe-3B-38i-1C alloy foil with melting point of 1200°C and thickness of 40 ym was placed
on the bonding boundary of the metal pipe, and liquid phase diffusion bonding was performed.
Furthermore, the obtained metal pipe joint was expanded using a mandrel such that the pipe expansion rate
was 25%.

(0118)
Also, a high frequency induction heating method that uses a high frequency current with a frequency of 3
kHz was used as the heating method for the junction. Moreover, the bonding conditions were such that the
bonding temperature was 1250°C, the retention time was 60 seconds, and the applied pressure was 4 MPa,
and bonding was performed in an Ar atmosphere.

(0119)

(Embodiment 5)

A Ni-family alloy foil with a melting point of 1140°C and thickness of 40 #m that has a composition
cquivalent to JIS BNi-5 was used as an insert material, and apart from retaining for 120 seconds at 1300°C,
the manufacturing and expansion of the metal pipe joint were performed in accordance with the same
procedures as with Embodiment 4.

0120)

(Embodiment 6)

A Ni-family alloy foil with a melting point of 1140°C and thickness of 40 zm that has a composition
equivalent to JIS BNi-5 was used as an insert material, and apart from settmg the bonding temperature to
1400°C and the retention time to 300 seconds, the manufacturing and expansion of the metal pipe joint
were performed in accordance with the same procedures as with Embodiment 4.

(0121)

(Comparative Example 3)

An Fe-2B-18i alloy foil with a melting point of 1290°C and thickness of 40 um was used as an insert
material, and apart from setting the bonding temperature to 1400°C, the retention time to 300 seconds, and
the applied pressure to 5 MPa, the manufacturing and expansion of the metal pipe joint were performed in
accordance with the same procedures as with Embodiment 4,

(0122)

With respect to the metal pipe joints that were obtained in Embodiments 4 - 6 and Comparative Example 3,
maximum level difference tests, penetrant tests, and tensile tests were conducted in accordance with the
same procedures as with Embodiment 1. The results are shown in Table 2.

(0123)
(Table 2)
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Test Number Comparative | Embodiment | Embodiment | Embodiment
Example 3 4 5 6
Steel Material '
Pipe | Dimensions | External
Diameter
(Inches)
Wall
Thickness |.
(Inches) :
End Diameter Expansion Rate
(%)
Bonding Surface Roughness
(Rmax; um)
Material
) " Melting Point
‘| Insert Material (°C) '
: Thickness
(ym)
Form Foil Foil Foil Foil
Bonding Temperature (°C)
Retention Time (s)
Applied Pressure (MPa)
Bonding Atmosphere ,
Heating Method for the High High . High High
Junction Frequency Frequency Frequency Frequency
Induction Induction Induction Induction
Heating Heating Heating Heating
Method Method Method Method
‘ (3 kHz) (3kHz) (3 kHz) (3 kHz)
Maximum Level Difference of .
the Junction (mm) '
Pipe Expansion Rate (%)
Results of Junction Surface Cracks No Cracks | . No Cracks No Cracks
Penetrant Test Present
Tensile Test Tensile
Results Strength
(MPa)
Break Bonding Parent Parent Parent
Location Boundary Material Material Material
Comprehensive Evaluation

(0124)

In Comparative Example 3 in which an insert material with a melting point of 1290°C was used, although
the retention time was taken to be 300 seconds, fissures were recognized in the junction in the penetrant test
following pipe expansion. Moreover, the tensile strength was 417 MPa and the specimen broke away from
the bonding boundary. This is thought to have been because the diffusion of elements is not sufficiently
performed on the bonding boundary because the melting point of the insert material is high, and thus the
deformability of the bonding boundary vicinity is diminished.

(0125)



In contrast to this, in Embodiment 4 in which an insert material with a melting point of 1200°C was used,
and in Embodiments 5 and 6 in which an insert material with a melting point of 1140°C was used, no
fissures were recognized on the bonding boundary in the penetrant test following pipe expansion for any of
the embodiments. Moreover, the bonding strengths all exhibited strengths greater than 700 MPa, which is
equivalent to that of the parent material, and the specimens broke away from the parent material side.

(0126)
Also, all of the end diameter expansion rates of the metal pipes were taken to be 15% in Embodiments 3 - 6
and Comparative Example 3, so all of the maximum level differences were 0.5 mm.

(0127) A ,
From the above results, it became clear that if an insert material with a melting point that is less than
1200°C is used in the case in which metal pipes are liquid phase diffusion bonded, then fissures will not
generate on the junction following pipe expansion and metal pipe joints with high bond strength can be
obtained.

(0128)

(Embodiment 7) '

Pipe expansion was performed on a metal pipe joint using method A. A carbon steel pipe made from API
H40 with an external diameter of 7 inches (178 mm) and wall thickness 0.231 inches (6 mm) was used for
the metal pipe, -
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and the end internal diameter of this steel pipe was eipahded such that the end diameter expansion rate was
15%.

(0129)

Next, the end face of the expanded metal pipe was finished such that the surface roughness Rmax is less
than 30 um, a squamation Ni-family alloy with a melting point of 1140°C that has a composition equivalent
to JIS BNi-5 was placed on the bonding boundary of the metal pipe such that the thickness was 100 ym,
and liquid phase diffusion bonding was performed. Furthermore, the obtained metal pipe joint was
expanded using a mandrel such that the pipe expansion rate was 25%.

(0130)

Also, a high frequency induction heating method that uses a high frequency current with a frequency of 3
kHz was used as the heating method for the junction. Moreover, the bonding conditions were such that the
bonding temperature was 1300°C, the retention time was 180 seconds, and the applied pressure was 4 MPa,
and bonding was performed in an Ar atmosphere.

(0131)

(Embodiment 8)

A Ni-family alloy powder that has a composition eq\uvalcnt to JIS BNi-5 was used as an insert material,
and this was placed on the bonding boundary of the metal pipe such that the thickness was 30 um. Apart
from retaining for 60 seconds at the bonding temperature, the manufacturing and expansion of the metal
pipe joint were performed in accordance with the same procedures as with Embodiment 7.

(0132)

(Embodiment 9)

A Ni-family alloy foil with thickness of 40 ym that has a composition equivalent to JIS BNi-5 was used as
an insert material, and apart from setting the bonding temperature to 1250°C and the retention time to 60
seconds, the manufacturing and expansion of the metal pipe joint were performed in accordance with the
same procedures as with Embodiment 7.

(0133)

(Comparative Example 4)

A Ni-family alloy foil with thickness of 200 um that has a composition equivalent to JIS BNi-5 was used as
an insert material, and apart from setting the bonding temperature to 1400°C and the retention time to 300
seconds, the manufacturing and expansion of the metal pipe joint were performed in accordance with the
same procedures as with Embodiment 7.

(0134)

(Comparative Example 5)

A Ni-family alloy foil with thickness of 40 #m that has a composition equivalent to JIS BNi-5 was used as
an insert material, and apart from setting the bonding temperature to 1450°C and the retention time to 60
seconds, the manufacturing and expansion of the metal pipe joint were performed in accordance with the
same procedures as with Embodiment 7.

(0135)

With respect to the metal pipe joints that were obtained in Embochments 7 - 9 and Comparative Examples 4
* - 5, maximum level difference tests, penetrant tests, and tensile tests were conducted in accordance with the
same procedures as with Embodiment 1. The results are shown in Table 3.

(0136)
(Table 3)
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Test Number Comparative | Embodiment | Embodiment | Embodiment { Comparative
Example 4 7 8 9 Example §
Steel Material A
Pipe | Dimensions | Extemal
Diameter -
(Inches)
Wall
Thickness
(Inches)
End Diameter Expansion Rate
(%) '
Bonding Surface Roughness
(Rmax: ym) '
__Material
Melting Point
Insert Material (°C)
Thickness
(um) : |
Form Foil Squamation Powder Foil Foil
Bonding Temperature (°C) )
Retention Time (s)
Applied Pressure (MPa)
Bonding Atmosphere
Heating Method for the: High High High High High
Junction Frequency Frequency Frequency Frequency Frequency
Induction Induction Induction Induction Induction
Heating Heating Heating Heating Heating
Method Method Method Method Method
(3 kHz) (3 kHz) (3 kHz) (3 kHz) (3 kHz)
. Maximum Level Difference of - .
the Junction (mm)
: Pipe Expansion Rate (%) . ) . .
Results of Junction Surface Cracks No Cracks No Cracks No Cracks Cracks
Penetrant Test Present Present
Tensile Test Tensile
Results Strength
' (MPa) i :
Break Bonding Parent Parent Parent Bonding
Location Boundary Material Material Material Boundary

Comprehensive Evaluation

(0137)

In Comparative Example 4 in which the thickness of the insert material was taken as 200 4m, although the
retention time was taken to be 300 seconds, fissures were recognized in the junction in the penetrant test
following pipe expansion. Morcover, the tensile strength was 588 MPa, and the specimen broke away from
the bonding boundary. This is thought to have been because the elements contained in the insert material
were not sufficiently diffused because the insert material was thick, and thus the deformability of the
bonding boundary vicinity was diminished.

(0138)




Moreover, in Comparative Example 5 in which the bonding temperature was taken as 1450°C, melting
damage occurred in the junction vicinity. Also, fissures were recognized in the junction in the penetrant test
following pipe expansion. Furthermore, the tensile strength was 657 MPa, and the specimen broke away
from the bonding boundary.

(0139) _ :
In contrast to this, in Embodiments 7, 8, and 9 in which the thickness of the insert material was set below
100 um and the bonding temperature was set below 1400°C, no melting damage was recognized in any of
the junctions, and no fissures were recognized on the bonding boundary in the penetrant test following pipe
expansion for any of the embodiments. Moreover, the bonding strengths all exhibited strengths greater than
700 MPa, which is equivalent to that of the parent material, and the specimens broke away from the parent
material side.

(0140) i
Also, all of the end diameter expansion rates of the metal pipes were taken to be 15% in Embodiments 7 - 9
and Comparative Examples 4 - 5, so all of the maximum level differences were 0.5 mm.

(0141)

From the above results, it became clear that if the width of the insert material is set to 100 ym in the case in
which metal pipes are liquid phase diffusion bonded, then fissures will not generate on the junction
following pipe expansion and metal pipe joints with high bond strength can be obtained. Moreover, it also
became clear that it is necessary to set the bonding temperature to less than 1400°C in order to suppress
melting damage of the junction.
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(0142)

(Embodiment 10)

Pipe expansion was performed on a metal pipe joint using method A. A carbon steel pipe made from API -
H40 with an external diameter of 7 inches (178 mm) and wall thickness 0.231 inches (6 mm) was used for
" the metal pipe, and the end internal diameter of this steel pipe was expanded such that the end diameter
expansion rate was 15%.

(0143)

Next, the end face of the expanded metal pipe was finished such that the surface roughness Rmax is less
than 30 um, a Ni-family alloy foil with a melting point of 1140°C and thickness of 40 ym that has a
composition equivalent to JIS BNi-S was placed on the bonding boundary of the metal pipe, and liquid
phase diffusion bonding was performed Furthermore the obtained metal plpe joint was expanded using a-
mandrel such that the pipe expansion rate was 25%

(0144)

Also, a high frequency induction heating method that uses a high frequency current with a frequency of 3 .
kHz was used as the heating method for the junction. Moreover, the bonding conditions were such that the
bonding temperature was 1400°C, the retention time was 30 seconds, and the applied pressure was 5 MPa,
and bonding was performed in an Ar atmosphere.

(0145) :

(Embodiment 11)

Apart from setting the retention time at the bonding temperature to 300 seconds and the applied pressure to
1.5 MPa, the manufacturing and expansion of the metal pipe joint were performed in accordance with the
same procedures as with Embodiment 10.

(0146)

(Comparative Example 6)

Apart from setting the retention time at the bonding temperature to 15 seconds, the manufacturing and
expansion of the metal pipe joint were performed in accordance with the same procedures as with
Embodiment 10.

(0147)

(Comparative Example 7)

A Ni-family alloy foil with thickness of 30 ym that has a composition equivalent to JIS BNi-5 was used as
an insert material, and apart from setting the retention time at the bonding temperature to 300 seconds and
the applied pressure to 1 MPa, the manufacturing and expansion of the metal pipe joint were performed in
accordance with the same procedures as with Embodiment 10.

(0148)

(Comparative Example 8)

Apart from setting the bonding temperature to 1250°C, the retention time to 300 seconds, and the applied
pressure to 7 MPa, the manufacturing and expansion of the metal pipe joint were performed in accordance
with the same procedures as with Embodiment 10.

(0149)

With respect to the metal pipe joints that were obtained in Embodiments 10 - 11 and Comparative
Examples 6 - 8, maximum level difference tests, penctrant tests, and tensile tests were conducted in
accordance with the same procedures as with Embodiment 1. The results are shown in Table 4,

(0150)
(Table 4)
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Test Number Comparative | Embodiment | Comparative | Embodiment Comparative
A Example 6 10 Example 7 11 Example 8
Steel Material .
Pipe | Dimensions | External
Diameter
(Inches)
Wall
Thickness
(Inches)
Bnd Diameter Expansion Rate
(%)
Bonding Surface Roughness
(Rmax: ym)
Material
. Melting Point
Insert Material (°C)
Thickness
(ym)
. Form Foil Foil Foil Foil Foil
Bonding Temperature (°C)
Retention Time (s)
Applied Pressure (MPa)
Bonding Atmosphere
Heating Method for the High High High High High
Junction Frequency Frequency Frequency Frequency Frequency
Induction Induction Induction Induction Induction
Heating Heating Heating Heating Heating
Method Method Method Method Method
(3 kHz) (3 kHz) (3 kHz) (3 kHz) (3 kHz)
Maximum Level Difference of ‘
the Junction (mm)
- Pipe Expansion Rate (%) : : .
Results of Junction Surface Cracks No Cracks Cracks No Cracks Cracks -
Penetrant Test Present . Present ' Present
Tensile Test Tensile :
Results Strength
(MPa)
Break Bonding Parent Bonding Parent Bonding
Location Boundary Material Boundary- Material Boundary

Comprehensive Evaluation

(0151)

In Comparative Example 6 in which the retention time at the bonding temperature was taken as 15 seconds,
fissures were recognized in the junction in the penetrant test following pipe expansion. Moreover, the

tensile strength was 563 MPa, and the specimen broke away from the bonding boundary. This is thought to
have been because the diffusion of elements was not sufficiently performed because the retention time was
short, and thus the deformability of the bonding boundary vicinity was diminished.

(0152)

Moreover, in Comparative Example 7 in which the applied pressure was taken as 1 MPa, although the
retention time at the bonding temperature was taken as 300 seconds, fissures were recognized in the




junction in the penctrant test following pipe expansion. Also, the tensile strength was 628 MPa, and the
specimen broke away from the bonding boundary. This is thought to have been because the bonding
boundary did not sufficiently adhere and partially unbonded portions generated because the applied
pressure was low, and therefore the deformability of the entire bonding boundary was diminished.

(0153)

Furthermore, in Comparative Example 8 in which the applied pressure was taken as 7 MPa, although the
bonding temperature was reduced to 1250°C, excessive deformation occurred in the junction vicinity.
Moreover, fissures were recognized in the junction in the penetrant test following pipe expansion.
Furthermore, the tensile strength was 687 MPa, and the specimen broke away from the bonding boundary.

(0154) ) .

In contrast to this, in Embodiment 10 in which the applied pressure was set to S MPa and the retention time
was set to 30 seconds, and in Embodiment 11 in which the applied pressure was sct to 1.5 MPa and the
retention time was set to 300 seconds, no fissures were recognized on the bonding boundary in the
penetrant test following pipe expansion for either of the embodiments. Moreover, the bonding strengths
both exhibited strengths greater than 700 MPa, which is equivalent to that of the parent material, and the
specimens broke away from the parent material side.
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(0155)
Also, all of the end diameter expansion rates of the metal pipes were taken to be 15% in Embodiments 10 -

11 and Comparative Examples 6 - 8, so all of the maximum level differences were 0.5 mm.

(0156)
From the above results, it became clear that if the applied pressure is set greater than 1.5 MPa and less than

5 MPa in the case in which metal pipes are liquid phase diffusion bonded, then fissures will not generate on
" the junction following pipe expansion and metal pipe joints with high bond strength can be obtained.

(0157)

(Embodiment 12)

Pipe expansion was performed-on a metal pipe joint using method A. A steel pipe was used with an

external diameter of 10.75 inches (269 mm) and wall thickness 0.5 inches (13 mm) made from American

Petroleum Institution Grade LC52-1200 (called “LC52-1200” hereafter), which is a type of martensitic

stainless steel, and the end internal diameter of this steel pipe was expanded such that the end diameter
expansion rate was 15%.

(] 1 58)

Next, the end face of the expanded steel pipe was finished such that the surface roughness Rimax is less
than 50 ym, a Ni-family alloy foil with melting point of 1140°C and thickness of 40 ym that has a
composition equivalent to JIS BNi-5 was placed on the bonding boundary of the metal pipe, and liquid
phase diffusion bonding was performed. Furtherimore, the obtained metal pipe joint was expanded using a
mandrel such that the pipe expansion rate was 25%.

(0159) -
Also, a high frequency induction heating method that uses a high frequency current with a frequency of 3
kHz was used as the heating method for the junction. Moreover, the bonding conditions were such that the
bonding temperature was 1300°C, the retention time was 120 seconds, and the applied pressure was 4 MPa,
and bonding was performed in an Ar atmosphere.

(0160)

(Embodiment 13)

Apart from setting the bonding temperature to 1350°C, the retention time to 210 seconds, the applied
pressure to 3.5 MPa, and the frequency of the high frequency current that flows through the induction coil
to 100 kHz, the manufacturing and expansion of the metal pipe joint were performed in accordance with
the same procedures as with Embodiment 12.

(0161)

(Embodiment 14)

Apart from setting the bonding temperature to 1350°C, the retention time to 210 seconds, the applied
pressure to 3.5 MPa, and performing bonding with a high frequency direct conduction heating method that
uses a high frequency current with frequency of 25 kHz, the manufacturing and expansion of the metal pipe
joint were performed in accordance with the same procedures as with Embodiment 12.

(0162) .

(Comparative Example 9)

Apart from setting the surface roughness Rmax of the bonding surface to 100 pm, the bonding temperature
to 1400°C, and the retention time to 300 seconds, the manufacturing and expansion of the metal pipe joint
were performed in accordance with the same procedures as with Embodiment 12.

(0163)

(Comparative Example 10)

Apart from setting the retention time at the bonding temperature to 300 seconds, the applied pressure to 5
MPa, and the frequency of the high frequency current that flows through the induction coil t 400 kHz, the



manufacturing and expansion of the metal pipe joint were performed in accordance with the same
procedures as with Embodiment 12, :

(0164)

With respect to the metal pipe joints that were obtained in Embodiments 12 - 14 and Comparative
Examples 9 - 10, maximum level difference tests, penetrant tests, and tensile tests were conducted in
accordance with the same procedures as with Embodiment 1. The results are shown in Table 5.

(0165)
(Table 5)
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Test Number Comparative | Embodiment | Comparative | Embodiment | Embodiment
Example 9 12 Example 10 13 14
Steel Material
Pipe | Dimensions | External
Diameter
(Inches)
Wall
Thickness
(Inches)
End Diameter Expansion Rate
(%)
Bonding Surface Roughness
(Rmax: ym)
Material
: Melting Point
Insert Material (°C)
Thickness
(um)
Form Foil Foil Foil Foil Foil
Bonding Temperature (°C)
Retention Time (s)
Applied Pressure (MPa)
Bonding Atmosphere
Heating Method for the High High High High High
Junction Frequency Frequency Frequency Frequency Frequency
Induction Induction Induction Induction Induction
Heating Heating Heating Heating Heating
Method Method Method Method Method
(3 kHz) (3 kHz) (400 kHz) (100 kHz) (25 kHz)
Maximum Level Difference of '
the Junction (mm)
Pipe Expansion Rate (%) . )
Results of Junction Surface Cracks No Cracks Cracks No Cracks No Cracks’
Penetrant Test Present Present
Tensile Test Tensile
Results Strength
(MPa)
Break Bonding Parent Bonding Parent Parent
Location Boundary Material Boundary Material Material
Comprehensive Evaluation
(0166)

In Comparative Example 9 in which the surface roughness Rmax of the bonding boundary was set to

100 xm, although diffusion bonding was performed under conditions of relatively high temperature, high
pressure, and long time, fissures were recognized in the junction in the penetrant test following pipe
expansion. Morcover, the tensile strength was 477 MPa, and the specimen broke away from the bonding
boundary. This is thought to have been because it was not possible to fill with melted Ni alloy the
irregularities that were present on the bonding boundary because the surface texture was rough, and
therefore the deformability of the entire bonding boundary was diminished.

(0167)




Likewise, in Comparative Example 10 in which induction heating was performed using a high frequency
current with a frequency of 400 MPa [sic], although diffusion bonding was performed under conditions of
relatively high temperature, high pressure, and long time, fissures were recognized in the junction in the
penetrant test following pipe expansion. Moreover, the tensile strength was 431 MPa, and the specimen
broke away from the bonding boundary. This is thought to have been because the entire bonding boundary
did not heat uniformly and unbonded portions generated on the inner periphery side of the metal pipe
because the frequency was high, and therefore the deformability of the entire bonding boundary was
diminished.

(0168)

In contrast to this, in Embodiments 12 - 14 in which the surface roughness Rmax of the bonding boundary
was set to 50 um and a high frequency current with a frequency less than 100 kHz was used, no fissures
were recognized on the bonding boundary in the penetrant test following pipe expansion for any of the
embodiments. Moreover, the bonding strengths all exhibited strengths greater than 700 MPa, which is
equivalent to that of the parent material, and the specimens broke away from the parent material side.’

(0169)
Also, all of the end diameter expansion rates of the metal pipes were taken to be 15% in Embodiments 12 -
14 and Comparative Examples 9 - 10, so all of the maximum leve! differences were 0.5 mm.
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(0170)

From the above results, it became clear that if the surface roughness Rmax of the bonding boundary is set
to 50 um in the case in which metal pipes are liquid phase diffusion bonded, then fissures will not generate
on the junction following pipe expansion and metal pipe joints with high bond strength can be obtained.
Moreover, it became clear that if the frequency of the high frequency current is set below 100 kHz in the
case in which the bonding boundary is heated through high frequency induction heating or high frequency
direct conduction heating, it is possible to restrain the reduction of deformability that originates from the
generation of unbonded portions.

(0171)

(Embodiment 15)

Pipe expansion was performed on a metal pipe joint using method B. A carbon steel pipe made from API

- 40H with an external diameter of 7 inches (178 mm) and wall thickness 0.231 inches (6 mm) was used for
‘the metal pipe, and the end internal diameter of this steel pipe was expanded such that the end diameter
expansion rate was 10%.

(0172)

Next, external thread was established on the end faces of the expanded metal pipes, and like metal pipes
were fastened to one another with a coupling that has internal thread that can screw into this external
thread. Furthermore, the obtained metal pipe joint was expanded using a mandrel such that the pipe
expansion rate was 10%.

(0173)

(Embodiment 16)

Apart from setting the end diameter expansion rate of the metal pipe to 25% and expanding the metal pipe
joint with a 25% pipe expansion rate, the manufacturing and expansion of the metal pipe joint were
performed in accordance with the same procedures as with Embodiment 15.

(0174)

(Embodiment 16 [sic])

Apart from using as the metal pipe a steel pipe made from LC52-1200 with an external diameter of 10.75
inches (273 mm) and wall thickness 0.5 inches (127 mm), setting the end diameter expansion rate to 25%,
and expanding the metal pipe joint with a 25% pipe expansion rate, the manufacturing and expansion of the
metal pipe joint were performed in accordance with the same procedures as with Embodiment 15.

(0175)
.{Comparative Example 11)
Apart from setting the end diameter expansion rate of the metal pipe to 0%, the manufacturing and
expansion of the metal pipe joint were performed in accordance with the same procedures as with
Embodiment 15.

(0176)

(Comparative Example 12)

Apart from using as the metal pipe a steel pipe made from LC52-1200 with an external diameter of 10.75
inches (273 mm) and wall thickness 0.5 inches (127 mm), setting the end diameter expansion rate to 15%,
and expanding the metal pipe joint with a 25% pipe expansion rate, the manufacturing and expansion of the
metal pipe joint were performed in accordance with the same procedures as with Embodiment 15.

(0177)
Hydraulic pressure tests were conducted with respect to each of the metal pipe joints that were obtained in
‘Embodiments 15 - 17 and Comparative Examples 11 - 12. The results are shown in Table 6.

'(0178)
(Table 6)
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Test Number

Comparative
Example 11

Embodiment
15

Embodiment
16

Embodiment
17

Comparative
Example 12

Steel Material

Dimensions | ‘External
Diameter

(Inches)

Pipe

Wall
Thickness
(Inches)

End Dnameter Expansion Rate
()

" Pipe Expansion Rate (%)

" Hydraulic Pressure Test
Pressure (psi)

Leak Leak

Generation

Hydraulic Pressure Test Results Satisfactory | Satisfactory | Satisfactory

Generation

"Comprehensive Evaluation

(0179)

With respect to Comparative Example 11 in which the end diameter expansion rate was set to 0% and the
metal pipe joint was expanded with a 10% pipe expansion rate, water leaks generated from the junction
after having performed a hydraulic pressure test with 2100 psi pressure.

(0180)

n contrast to this, in Embodiment 15 in which both the end diameter expansion rate and the pipe expansion
rate were set to 10%, and in Embodiment 16 in which both the end diameter expansion rate and the pipe
expansion rate were set to 25%, water leaks did not generate from either of the junctions even when
hydraulic pressure tests were performed with 2100 psi pressure.

(0181)

_Morcover, with tespect to Comparative Example 12 in which the end diameter expansion rate was set to
'15% and the metal pipe joint was expanded with a 20% pipe expansxon rate, water leaks generated from the
junction after having performed a hydraulic pressure test with 3000 psi pressure.

(0182)
In contrast to this, in Embodiment 17 in which both the end diameter expansion rate and the pipe expansion:
‘rate were set to 25%, water leaks did not generate from the junction even when a hydraulic pressure test
" was performed with 3000 psi pressure, and a satisfactory metal pipe joint was obtained. '

(0183)

From the above results, it became clear that, in the case in which a metal plpe joint that was bonded with a
_threaded connection method is expanded, if pipe expansxon is performed with a pipe expansion rate that is-
less than the end diameter expansion rate, a metal pipe joint that is supcnor with respcct to airtightness can
be obtained. .

(0184)

(Embodiment 18) -

Pipe expansion was performed on a metal pipe joint using method C. A steel pipe made from STKM12B
(JIS G3445) with an external diameter of 140 mm and wall thickness of 7 mm was used for the metal pipe.
The end face of this steel pipe was finished such that the surface roughness Rmax is less than 30 ym, a Ni-
family alloy foil with a melting point of 1050°C and thickness of 50 ym that has a composition equivalent
to JIS BNi-3 was placed on the bonding boundary, and diffusion bonding was performed. Furthermore, the




obtained metal pipe joint was expanded with a mandrel such that the pipe expansion rate was between 5 -
25%. '

(0185) :
Also, a high frequency induction heating method that used a high frequency.current with a frequency of 3

kHz was used as the heating method for the junction, and two types of coils were used for the heating coils
— a coil in which the heating width is 20 mm, and a coil in which the heating width is 40 mm. :
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(0188)

It can be seen from Table 7 that the expansion length becomes longer as a heating coil with a long heating
width is used. In other words, it can be seen that the expansion length becomes 40 - 50 mm if the heating
width is set to 20 mm, and the expansion length becomes 80 - 90 mm if the heating width is set to 40 mm.

(0189)

Moreover, it can be seen from Table 7 that, in the case in which the expansion length is set between 40 - 50
mm, a metal pipe joint is obtained in which pipe expansion can be performed with a larger pipe expansion
rate as the lateral expansion rate becomes larger.

(0190)

-Stated simply, in the case in which the lateral expansion rate is 1.00, cracks already generated on the
bonding boundary when the pipe expansion rate was 10%, and a sound metal pipe joint was not obtained
(Test Number 1). When the lateral expansion rate was set to 1.02, a sound metal pipe joint was obtained in
the case in which the pipe expansion rate was less than 15%, but fissures generated in the junction when the
pipe expansion rate was greater than 20% (Test Number 3). :

(0191)

In contrast to this, when the lateral expansion rate was set greater than 1.04 (Test Numbers S, 7, 9, and 11),
no fissures generated in the junctions even when the pipe expansion rate was set to 20%, and sound metal
pipe joints that have strengths equivalent to the parent material were obtained.

(0192)

The case in which the expansion length was set between 80 - 90 mm was the same, and it can be seen that a
metal pipe joint is obtained in which pipe expansion can be performed with a larger pipe expansion rate as
the lateral expansion rate becomes larger (Test Numbers 2, 4, 6, 8, 10).

(0193)
Furthermore, it can be seen from Table 7 that, in the case in which the lateral expansion rate is made to be
uniform, there is a tendency for metal pipe joints to be obtained that can withstand pipe expansion with a
larger pipe expansion rate as the expansion length becomes longer. In other words, in the case in which the
lateral expansion rate was 1.02 and the expansion length was 40 mm, fissures generated in the junction
when pipe expansion was performed with a pipe expansion rate of 20% (Test Number 3). On the other
hand, in the case in which the expansion length was set to 80 mm, no fissures generated in the joint even
when pipe expansion was performed with a pipe expansion rate of 20%, and a sound joint that has strength
equivalent to the parent material was obtained (Test Number 4).

(0194)

Likewise, in the case in which the lateral expansion rate was 1.04 and the expansion length was 45 mm,
fissures generated in the junction when pipe expansion was performed with a pipe expansion rate of 25%
(Test Number 5). On the other hand, in the case in which the expansion length was set to 90 mm, no
fissures generated in the junction even when pipe expansion was performed with a pipe expansion rate of
25%, and a sound joint that has the swength equivalent to the parent material was obtained (Test

Number 6). .

(0195)

From the above results, it became clear that if metal pipes whose ends have not been expanded are butted
and the bonding boundary vicinity is deformed into a barrel shape with a prescribed lateral expansion rate
at the time of diffusion bonding, then fissures will not generate in the junction even in the case in which
pipe expansion is performed with a high pipe expansmn rate,and a sound metal pipe joint with high
bonding strength can be obtained.
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(0196)

(Embodiment 19)

Pipe expansion was performed on a metal pipe joint using method A’. A carbon steel pipe made from API
HA40 with an external diameter of 7 inches (178 mm) and wall thickness 0.231 inches (6 mm) was used for
the metal pipe, and the end internal diameter of this steel pipe was expanded such that the end diameter
expansion rate was 5%.

(0197) ,
Next, grooves were formed on the end faces of the expanded metal pipes, and the metal pipes were welded

with a gas shield arc welding method. Furthermore, the obtained metal pipe joint was expanded using a
mandrel such that the pipe expansion rate was 25%.

(0198) :
Also, welding was performed using JIS YGW21 (@1.2 mm) as the welding wire and a mixed gas of Ar -+
20%CO; as the shield gas, with a 280A welding current,

. (0199)

- (Embodiments 20 - 21, Comparative Examples 13 - 14)

Apart from respectively setting the end diameter expansion rates of metal pipes 30 to 0% (Comparative
Example 13), 3% (Comparative Example 14), 10% (Embodiment 20), and 15% (Embodiment 21), the
manufacturing and expansion of the metal pipe joints were performed in accordance with the same
procedures as with Embodiment 19,

(0200)

With respect to the metal pipe joints that were obtained in Embodiments 19 - 21 and Comparative
Examples 13 - 14, penetrant tests and tensile tests were performed in accordance with the same procedures
as with Embodiment 1. The results are shown in Table 8.

(0201)
(Table 8)

- [see source for numbers and English]

Test Number Comparative | Comparative | Embodiment | Embodiment | Embodiment
. Example 13 | Example 14 19 20 21
Steel Material
Pipe | Dimensions | External
’ Diameter
(Inches)
Wall
Thickness
(Inches)
End Diameter Expansion Rate
(%)
Welding Method Gas Shield Arc Welding Method
“Welding Wire: JIS YGW21 (@1.2 mm)
Shield Gas: Ar +20%CO2
Welding Current: 280A
Pipe Expansion Rate (%)
Results of Junction Surface Cracks Cracks No Cracks No Cracks No Cracks
Penetrant Test Present Present




Tensile Test Tensile
"~ Results Strength
‘ (MPa)
Break Welded Welded Parent Parent Parent
Location Section Section Material Material Material
Comprehensive Evaluation

(0202)
In Comparative Example 13 in which the end diameter expansion rate was set to 0%, multiple fissures were
~ recognized in the junction in the penetrant test following pipe expansion. Furthermore, the tensile strength

" exhibited low strength of 317 MPa, and the specimen broke away from the welded section.

(0203)

Likewise, in Comparative Example 14 in which the end dlameter expans1on rate was set to 3%, significant
fissures were recognized in the junction in the penetrant test following pipe expansion, but the number of
“fissures was less than in Comparative Example 13. Accordmgly, the tensile strength improved to 495 MPa,

but the specimen broke away from the welded section. .

(0204)
In contrast to this, in Embodiments 19, 20, and 21 in which the end diameter expansion rates were
. respectively set to 5%, 10%, and 15%, no fissures were recognized on the bonding boundary in the

" penetrant tests following pipe expansion in any of the embodiments. Furthermore, the bonding strengths all

- “‘exhibited strengths greater than 700 MPa, which is equivalent to that of the parent material, and the
specimens broke away from the parent material side.

(0205)

‘From the above results, it became clear that if the end internal diameter of the metal pipe is expanded
-before the metal pipes are welded such that a value greater than the prescribed end diameter expansion rate
is achieved, it becomes more difficult for fissures to generate on the junction at the time of pipe expansion
as the end diameter expansion rate becomes larger, and a metal pipe joint with higher bonding strength can

be obtained. ‘

(0206) | |
~ The embodiments of the present invention were described in detail above, but the present invention is in no
~ way limited to the embodiments described above, and various alterauons are possible within a scope that
does not deviate from the purport of the prcsent invention.

. (0207) 4
" ‘For example, there are no partlcular restrictions regarding the shape of the mandrel that is used for pipe
expansion, and it would be acceptable to use a tapered mandrel or a mandrel that has a roller on the tapered

" surface.

(0208)

. Moreover, there are also no particular restrictions regarding the drive means for the mandrel. For example,
it would be acceptable to affix a shaft to the base surface of the mandrel, and then drive the mandrel into

. the metal pipe joint using that shaft.
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Alternatively, it would also be acceptable to apply hydraulic pressure to the base surface of the mandrel,
and then move it through the metal pipe joint from one end to the other with hydraulic pressure.

(0209)

Moreover, in the embodiments described above, a diffusion bonding method, a threaded connection
method, or a welding method was used to bond metal pipe joints in which the internal diameter of the
junction has become larger than the internal diameter of the non-conjugative regions, but the bonding
method of the metal pipes joints is not limited to these methods. For example, it would also be acceptable
to form a metal pipe joint by bonding metal pipes with a friction pressure welding method.

(0210)

" Furthermore, the metal pipe joint for pipe expansion and its manufacturing method of the present invention
are particularly suited for oil well pipes for casing that is buried beneath the earth and the manufacturing
method thereof, but the applications of the present invention are not limited to oil well pipes, and it is
possible to use them as casing that is used in natural gas wells, geothermal wells, hot spring wells, and
water wells, or as line pipe that is laid on the ground surface or as plumbing for plants and the
manufacturing methods thereof. By doing so, it is possible to obtain effects equivalent to those of the
embodiments above.

(0211)

(Effects of the Invention)

The metal pipe joint for pipe expansion and its manufacturing method of the present invention uses an
industrial tool such as a mandrel to expand a metal pipe joint in which the internal diameter of the junction -
has become larger than the internal diameter of the non-conjugative regions, so the deformation resistance
when expanding the metal pipe joint becomes small. Therefore, it is possible to perform the pipe expansion -
operation smoothly, and there is the effect that motive energy of the pipe expansion operation is also '
‘conserved.

(0212)

Moreover, if the diameter of the end of the metal pipe is expanded in advance with a prescribed end
diameter expansion rate and such metal pipes are butted and diffusion bonded or welded, then it is possible -
to easily obtain a metal pipe joint in which the internal diameter of the junction has become larger than the
mtemal diameter of the non-conjugative regions. '

(0213)

Furthermore, in the case in which such a metal pipe joint is expanded, it is possible to make the plastic
stress of the Juncnon small in comparison to the plastic stress of the non-conjugative regions. Therefore, .
even in the case in which heat-affected regions generate at the time of diffusion bonding or welding and the -
deformability of the junction vicinity is diminished, there is the effect that it becomes difficult for fissures -
to generate on the junction, and a metal pipe joint that is superior with respect to strength and alrtlghtness
can be obtained. :

(0214)
Morcover, if metal pipes whose end internal diameters have been expanded with a prescribed end diameter
expansion rate are bonded with a threaded connection method to form a metal pipe joint, there is the effect
that the thread portions do not plastic-deform, so there is no decrease in airtightness that originates from
loose thread.

(0215)

Moreover, even in the case in which like metal pipes whose ends have not been expanded are butted and
the junction is deformed into a barrel shape with a prescribed lateral expansion rate at the same time that
the metal pipes are diffuse bonded, it is possible to easily obtain a metal pipe joint in which the internal
diameter of the junction has become larger than the internal diameter of the non-conjugative regions.



Therefore, if such a metal pipe joint is expanded with a prescribed pipe expansion rate, there is the cffcct
that a metal pipe joint that is superior w1th respect to strength and airtightness can be obtained.

(0216)

Furthermore, in the case in wlnch the ends of metal pipes are expanded in advance with a prescribed end
diameter expansion rate and such metal pipes are butted and diffusion bonded, it is possible to reduce the
level differences that generate on the inner periphery side of the junction, even if there is variation in the
dimensions of each metal pipe. Therefore, even if pipe expansion is performed, there is no dnnger of the

generation of fissures that originate from stress concentration, so there is the effect that a metal pipe joint
that is superior with respect to strength, faugue characteristics, and corrosion resistance can be obtained.

(0217)

As described above, through the metal pipe joint for pipe expansion and its manufacturing method, it is
possible to easily obtain a metal pipe Jomt in which the energy.expenditure required for pipe expansion is

+ small, airtightness and strength are superior, and the level differences that generate in the junction are
small. Therefore, it this is applied to'an oil well pipe or line pipe, for example, it will contribute to .
significant cost reduction and reliability improvement in the oil drilling operation or pipe laying operation,
and the present mventxon is an invention in whxch these effects are extremely large mduslnally

(Brief Dcscription of the Drawings)

(Figure 1)
- A flow chart that shows the metal pipe joint for pipe expansxon and its manufacturing method of the first
embodlment of the present invention.

(Figure 2) - :
A flow chart that shows the pipe expansion method of the metal pipe Jomt for pipe expansion shown in

Figure 1 (d).

(Figure 3) - :
A flow chart that shows the metal pipe _]omt for pipe expansion and its manufacturing method of the second
: embodunent of the present invention. .

(Flgure 4) :
A flow chart that shows the pipe expansion method of the metal pipe joint for pipe expansion shown in
Flgure 2 (d).

(Figure 5) -

Figure 5 (a) - (c) is a flow chan that shows metal pipe joint for pipe expansion and its manufactunng
method of the third embodiment of the present invention, and Figure 5 (d) is a figure that shows the
expansion method of the metal pipe for pipe expansmn shown in Figure 5 (c).

(Figure 6)
A cross sectional diagram that shows the typical structure of an oil well.

(Figure 7)
A cross sectional diagram that shows thc thrcadcd connection method (mcchamcal coupling method).

(Explanation of Symbols)
- '30, 40, 50 Metal Pipes
32,42, 52 Metal Pipe Joints

34 Mandrel
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[see source for drawings]

(Figure 1)
(c)

Machine work Machine work
(Figure 3)

(Figure 2)
Applied pressure

(Figure 6)
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(Figure 4)
Applied pressure

(Figure 7)
(Figure 5)

®)
Applied pressure Applied pressure

* Continued from the front page: .
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